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FarmTractorization,FertilizerUseand
Productivityof MexicanWheatin
Pakistan
ABDUL SALAM*
Using surveydata the impactof tractorizationon wheatproductivityis
examinedin thispaper. A comparativeanalysisof yield dataindicatesthatwheat
yieldson tractorfarmsaresignificantlyhigherthanthoseon bullockfarms. It is
also found that tractorfarmsusehigheramountsof chemicalfertilizerson their
wheatcrop. Theresultsof productionfunctionanalysisalsoconfll'mthesignificant
contributionof tractorizationin achievinghigherwheatyields.
I. INTRODUCTION
In additionto thelargescaleadoptionof highyieldingvarietiesof wheatand
rice,whichareresponsiveto fertilizeruseandthespreadof tubewells,theincreasing
useof tractorshasbeenoneof theimportantdevelopmentsinPakistan'sagriculture.
Sofartheincreasingdemandfor tractorshasbeenmetthroughimports,whichhave
beensteppedup recently. It hasbeenproposedthat 15,000tractorswill be
importedannuallyduringtheFifth Planperiodto satisfytheexcessdemandfor
tractors.Asaresulthestockof tractorsinPakistanisexpectedtogoupfromabout
71,000in 1977-78toabout111,000in 1982-83[18].
Theincreasinguseof tractorsin theagriculturalsectorhasgeneratedheated
debateabouttheirnetsocialbenefitsfortheeconomy.Thosein favourhaveargued
thattractorsby increasingdraftpowersupplyat thefarmlevel,helpin reducing
culturablewasteland. A greateruseof tractorsexpandscultivatedarea,permits
multiplecroppingandreducesthedemandfor bullocks.It helpsreleaselandnow
usedin foddercultivationfor growingvaluablefoodandcashcrops.Tractorsare
alsohelpfulin increasingfarmoutputandfarmyieldthroughbettertillage,deeper
cultivationandtimelinessof farmoperations[5,6and13].
*
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Economics.He is gratefulto ProfessorSyed NawabHaiderNaqvi,A. R. KemalandProfessor
M. Ali Khan for numeroususeful suggestionsand to M. Afzal Hussainof the Agricultural
DevelopmentBank of Pakistanfor thedata. He wishesto expresshis appreciationto three
anonymousrefereesfor theirconstructivecriticismandvaluablecomments.However,theauthor
aloneisresponsiblefor theremainingdeficiencies.
324 Abdul Salam
TractorizationandMexicanWheatProductivityin Pakistan 325
II. RESULTSOF EMPIRICALANALYSIS
themoresobecausearablelandhasto facenotonlyincreasingpopulationpressure
but alsogrowingcompetitionfromnon-agriculturalusesaswell. It is,therefore,
imperativethatproductivityof resourcesalreadycommittedtoagriculture,specially
to farmland,mustincreaseto meettheincreasingrequirementsof foodandother
agriculturalproducts.Thiscanbeachievedby combiningmoreproductivefactors
withthetraditionalinputsof landandlabourandby increasingtheefficiencyof
resourceuseorthroughacombinationof theseapproaches.
Followingtheintroductionof high-yieldingwheatvarietiespowerconstraint
hasbecomecriticalin wheatcultivation,especiallyin regionswhereirrigationis
widespread.Theintroductionof mechanicalcultivationi Pakistan,asnotedabove,
hasbeensupportedby theargumentthattheremovalof thepowerconstraintatthe
opportunetimewill notonlyhelpin expandingthecroppedareabutwillalsoallow
thesowingof variouscropsat thepropertime,conservesoilmoistureandimprove
thequalityof seed-bedpreparation.However,thetimelinessin thesowingof the
seedandtheimprovedqualityof cultivation,desirableastheyare,arenotendsin
themselvesbutonly themeansfor achievinghigherproductivityreflectedthrough
highercrop-yields.
A comparisonof farmproductivityamongthetractor-andbullock-farms
shouldthrowlighton theimpactof tractorizationonagriculturalproductivity.It
mayalsobeof interesto analysetheuseof chemicalfertilizersamongthesample
farmsto estimatethesystematicrelationship,if any,betweentractorsandtheuseof
chemicalfertilizers.Thedataonwheatyieldandfertilizeruseperacreforbullock-
andtractor-farmsarepresentedinTables1and2. Thesedatahavebeenusedtotest
the significanceof thedifferencesin yieldandfertilizerusebetweentractorand
bullockfarms.To neutralizethescale ffect,wehavealsoanalysedtheproductivity
andtheproportionof wheat-cropacreageonsamplefarmsaccordingto farmsize.
However,asthesamplefarmswerequitelarge,wehadto specifyrelativelyhigher
ceilingsfor farm-sizecategories.Accordingly,for thisstudy,farmshavebeen
groupedinto twocategories:(a)thoseupto 50acresand(b) thoselargerthan50
acres.It shouldbepointedoutherethatsuchananalysisis onlysuggestiveof the
effectsof tractorizationon farmproductivityandfertilizeruse. In orderto assess
theexactroleof tractorsonoutputandfertilizerusewewillhavetoholdconstant
othervariablesinfluencingfertilizeruseandoutput,suchasfarmsize,labour,etc.
Theresultsofsuchanexerciseinvolvingregressionanalysisarereportedbelow.
A comparativeanalysisof theyielddata,on differentfarms,reportedin
Table1, showsthatwheatyieldon tractorfarmsis substantiallyandsignificantly
higherthanthatonbullockfarms.Theanalysisofwheatproductivity/accordingto
However,thereareotherswhodo not sharethisoptimismabouttheyield
impactof tractors.For instance,Ahmedin hiscasestudyonmechanizationin the
Punjab[2] did not find anyconsistentpatternin thecropyieldsof tractorand
bullockfarms. He alsodid not observeanysignificantdifferencein theuseof
modernfarmimputs,suchas fertilizersandotherimprovedpracticesbetween
mechanizedandbullockfarms.Thisledhimtoconcludethattractorsofarhadnot
servedthecauseof modernization.A WorldBankstudy[7]hasnoted:"Certainly
theadventof tractorsby replacingbullockscanreleaselandfromfodderfor cash
cropproductionandthroughreclamationcanexpandthecultivableareaavailablefor
croppingbutbeyondthatoutputincreasingpossibilitiesof thetractorsinvolvemuch
moreconjecture.And thereareotherswhohavearguedin thisveinandalso
objectedto theuseof tractorsbecauseof theiradverseffectsonemployment[3].
A similarcontroversyaboutthedesirabilityof farmtractorizationhasbeenreported
for Indianagriculture[3,22] .
It shouldthereforebeclearthatoutputincreasingandproductivityimproving
effectsof tractorsremainacontroversialissueinthedebateonfarmmechanization.
Themainobjectiveof thepresentstudyis to investigateheimpactof theuseof
tractorsin placeof bullocksonfarmproductivity.Theanalysisi confinedtowheat
croponly. Thereasonfor selectingwheatcropfortheanalysisi thatit isthesingle
mostimportantcropin Pakistan'sagricultureandmorethan33percentof thetotal
cultivatedareais devotedtoitsproductionannually.Wehaveusedfarmsurveydata
to examinetheproductivityof Mexicanwheatandotherrelatedaspectsof tractor
andbullockfarmsinPakistan.l
Thepaperis dividedintofoursections.Resultsof theempiricalanalysisare
reportedin sectionII. Somepolicyimplicationsof theresultsarediscussedin
sectionIII, whilesectionIV concludesthediscussion.Theproblemsofdatacollec-
tionandsamplingproceduresaredescribedin AppendixA, andthemethodological
issuesrelatingtocost-of-productionestimatesarediscussedinAppendixB.
(A) Tractorization,FarmProductivity
andFertilizerUse
Totalagriculturaloutputcanbeincreasedwithgreateremploymentof land
andlabourinputswithoutincreasingproductivity.Suchanexpansionin output
wouldreflecttheuseof existingtechnologywhichmay,at best,beachievedat
constantcost.However,agriculturaldevelopment,tobeviableshouldcontributeto
anincreasein theproductivityof resourcesemployedin theagriculturalsector.All
1The datausedin this studypertainto theproductionyear1972-73andwerecollected
througha fieldsurveywhichwasdesignedto evaluatetheeffectsof theWorldBank'sProgramme
foragriculturalcreditin Pakistan.For detailsof thefieldsurvey,seeAppendixA.
2Theproductivityanalysisis confinedto wheatgrainsonly. Weignorewheatbhusa(Le.
chaff),whichis a valuableby-productof wheatcultivation,for wantof relevantdata. However,
as its outputvariesproportionatelywith theproductionof grainsandits exclusion,whichwas
truefor thebullockaswellastractorfarms,shouldnot affecttheoverallcomparativepicture.
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theareaoperated,didnotindicatemuchinfluenceof farmsizeonoutputperacre
amongthesamplefarms.Wheatyieldsweresignificantlyhigherontractorfarmsof
allsizes.
Thedataon fertilizeruseindicatethat,eventhoughtheuseof fertilizerson
Mexicanwheatis quitewidespreadamongthesamplefarms(Table2), theuseof
fertilizerhasbeenmuchhigheron tractorfarmsthanon bullockfarms.Further
analysisof fertilizerusedataindicatedthe dominanceof nitrogenousfertilizers.
Onlyasmallproportionof farmerswereusingphosphatef rtilizers.Thedominance
of nitrogenousfertilizersin thechemicalfertilizersused,however,appearsmore
pronouncedonbullockfarmsthanontractorfarms,whichshowedarelativelymore
balanceduseof fertilizers.Theamountofnutrients(nitrogen+phosphate)usedper
acreof wheatontractorfarmswasgreaterbyabout22percent.Thesedifferencesin
theuseofchemicalfertilizersarealsostatisticallysignificant.
Table2
IncidenceandLevelof FertilizerUsePerAcre of Mexi-Pak
Wheaton TractorandBullock-Farms: 1972-73
FertilizerUsers AmountofNutrient
(N+P)Used
Number Percentage PerAcre
(lbs.)
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TractorFarms*
Bullock Farms
PercentageExcessof Nutrientused
on TractorFarmsoverthat
usedon Bullock Farms
139
30
96
88
103.4
84.4
22.1
Note: Usersof Phosphatein addition to nitrogenousfertilizerswere55 percentof tractor
farmersas comparedto only 32 percentof the bullock farmers. eN=Nitrogen,P =
Phosphate).
*
The useof fertilizernutrientsis,significantlyhigheron tractorfarmsthanon bullock
farmsat the95-percentsignificancelevel.
(B) AgriculturalCreditandFertilizerUse
Whetherthehigheruseof fertilizerson tractorfarmswas"dueto" tractors,or
their better liquidity position or their better accessto institutionalcredit for
fertilizer useis difficult to test statistically. Althoughthe averagesizeof tractor
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farmswasrelativelygreater,yeteventhebullockfarmscoveredby thesurveywere
largeby Pakistanistandardsand thuswereunlikelyto faceseriousfinancial
constraints.3Similarly,thehigheruseof fertilizersontractorfarmscannotpossibly
beexplainedby theirbetteraccessto institutionalcreditonaccountof theirlarge
size. Butmoreimportantisthefactthatduring1972-73,theyeartowhichthedata
for thisstudybelong,theavailabilityof institutionalcredit,specificallyforfertilizer
use,wasquitesmallascomparedtotheactualamountsinvolved.
TheAgriculturalDevelopmentBankof Pakistan(ADBP),theprincipalsource
of institutionalcreditfor agriculture,during1972-73 disbursedloansworth
Rs. 41.459millionfor fertilizerusein thecountry. Thisamountwasabout15
percentof thetotalloansprovidedby theADBPin thatyear[16]. Commercial
banksprovidedabout85.2millionrupees[12]andtheco-operativecreditsocieties
providedabout32.74millionrupeesasloansfor allagriculturalctivities[17]. A
full break-downo( commercialbanks'andco-operativecreditsocieties'agricultural
loansby activitiesi notavailable.However,if thecommercialbanks'distributionof
loansfor agriculturaloperationswassimilarto thatof the ADBP, theshareof
fertilizersin theiragriculturalcreditcomestoabout12.78millionrupees.Theco-
operativecreditsocieties'loansarerelativelyof a short-termnature. Evenif 50
percentof theirloansweremeantfor fertilizeruse,thetotalshareof fertilizersin
theirloansamountsto Rs. 16.37million. Thusthetotalamountof institutional
creditmeantfor fertilizeruseduring1972-73is estimatedatabout70.609million
rupees.Duringthesameperiod,it is estimatedthatthetotalamountspentonthe
useof nitrogenousandphosphatef rtilizerswasaboutRs.704.953million.4Thus
theamountof institutionalcreditfor fertilizerusein 1972-73wasonlyabout10
percentandtheremaining90percentwasfinancedby thefarmersfromtheirown
savingsorfrominformalsourcesof creditsuchasfriends,relatives,etc.
Theforegoinganalysishowsthatastheinstitutionalcreditfor fertilizeruse
wasquitelimitedascomparedto theoverallamountsinvolved,it couldnothave
beenamajorfactorexplainingthedifferentialsin theuseof fertilizeronthesample
farms.
Abouttwo-thirdsof thesamplefarms,equallydividedbetweentractor-andbullock-
farms,hadtubewells.In thefollowingparagraphs,wediscusstheinfluenceof tube-
wellstohighlighttheirrelevanceof theomittedvariablesforourestimates.
Theroleof tubewellsin theagriculturaldevelopmentofPakistaniswellknown
andwelldocumented[4,9, 11]. In orderto isolatetheirimpactonfarmproduct-
ivityanduseofchemicalfertilizersamongthesamplefarms,weana1ysedthedataon
wheatyieldandfertilizerusebygroupingbothgroupsofsamplefarmsaccordingto
thepresenceor absenceof tubewells.Theresultsof thisanalysisarereportedin
Table3.
Table3
FertilizerUseand WheatProductivityAccordingto thePresence
orAbsenceof TubewellsonSampleFarms:1972-1973
*
Yields andfertilizeruseon tractorfarmssignificantlyhigherthanthoseonbullockfarmsin the
samecategoryat the95-percentsignificantlevel.
(C) Tractor-TubewellCombination,Wheat
ProductivityandFertilizerUse
It maybe arguedthatboththehigheryieldsanda moreintensiveuseof
fertilizerontractorfarmsweredueto omittedvariables,particularlythetubewells.
A comparativeanalysisof dataon fertilizeruse,accordingto thepresenceor
absenceof tubewellswithineachgroupof samplefarms,doesnotshowanysignifi-
cantdifferencebetweenthetubewellandnon-tubewellfarms. In factthenon-
tubewellfarmshada somewhathigherfertilizeruse.Wheatyieldswithineachgroup
of samplefarmsappearto be insensitiveto thepresenceor absenceof tubewells.
However,differencesin bothfertilizeruseandwheatyieldsbetweentractorand
bullock-farms,whichowntubewellsandwhichdonot,werehighlysignificant.The
insignificantroleof tubewellson thesamplefarmsmayhavebeendueto thefact
thatall thefarmswerelocatedin irrigatedareas.Moreover,thebenefitof tubewell
technologyis notconfinedto tubewellfarmsaloneandnon-tubewellfarmsin the
tubewellareasalsobenefitfromthis technologythroughpurchaseof additional
water.
3Averageareaoperatedbybullockfarmswasabout76 acresandthatby tractorfarmswas
115acres.
4Total expenditureon nitrogenousandphosphatefertilizersused.Thiswasestimatedby
theauthorfrom thedataon fertilizeruseduring1972-73andthepricespaidby thefarmersfor
thesematerials.
Farmswith Farmswithout
Tubewells Tubewells
Tractor Bullock Tractor Bullock
Farms Farms Farms Farms
FertilizerUsePerAcre *
(NutrientPoundsofNitrogen)77.10 66.10 78.50 78.10
YieldPerAcre(Maunds) 24.32* 20.66
*
22.6124.60
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(D) Resultsof RegressionAnalysis
of Fertilizer-UseData
The resultsof regressionanalysis,which featuresperacrefertilizeruseas the
dependentvariable,are reportedbelow. Farm sizeandrespondentseducationare
treatedasindependentvariables,whiletractoris includedasa dummyvariable.
In (Nutrientpoundsof fertilizerusedperwheatacre) =
3.6775 - 0.01884 In (Areaoperated) + 0.1957 In (yearsof schooling)
(0.21264) (2.20214)
+ 0.450TractorDummy
(1.9896)
2 -R - 0.0578,
irrigationin thecaseof wheatcrop.Tubewellasa dummyvariablewasdropped
fromtheregressionequationbecauseit didnotimprovetheresults.Farmsizewas
includedtotesttherelationshipbetweenfarmsizeandproductivity.
The reasonwhy we havepreferredper acreproductionfunctionoverthe
conventionalproductionfunctionhereis thatwehadcrop-wisedataontheuseof
fertilizerandthecasuallyhiredlabour. Dataon theuseof otherinputs,suchas
permanenthiredandfamilylabour,tractortime,bullocks,etc.,wereavailableatthe
farmlevel.Underasystemof multi-cropfarming,aspractisedin Pakistan,wecan
apportiontheuseof farm-levelinputstodifferentcropsonthebasisof theirarea.
However,in estimatingproductionfunction,theuseof totalcropproduceasthe
dependentvariable,andof croppedareaandotherinputs,estimatedindirectlyfrom
thefarm-leveldataonthebasisof cropacreage,asindependentvariablesintroduces
problemof multicollinearity.Ourobjectiveis to analyseinter-farmyielddifferen-
tials. Thiscanbedoneby estimatingmulticollinearity-freeproductionfunctionin
termsof yieldperacre.Thisspecificationassumesconstantreturnstoscale,which
maynotbeunrealistictoassumeinwheatfarminginPakistan.
Elasticityof substitutionbetweencapitaland labour,thoughimportant,is
neverthelessdifficultto estimate.Thisis especiallyso in situationslike theone
encounteredin thepresentstudy,whereestimatingequationsinvolvemorethantwo
variables.Also the interpretationof theresultingsubstitutioncoefficientis not
clear-cut. Thefunctionformusedin thisanalysisassumesconstantelasticityof
substitution.
The resultsof productionfunctionanalysisarepresentedin Table4. All the
coefficientsof the estimatedequationshavepositivesignsand only farm-size
coefficientis notstatisticallysignificant.Theestimatedfunctionsexplainabout20
percentof the inter-farmvariationin wheatyieldon thesamplefarms. The
explainedvariation,however,appearsrelativelysmallbutit isnotuncommonto find
a low valueof R2 in cross-sectionalstudies.Thisis becausewedonothaveany
controlonnumerousagronomicandtechnicalfactorsuchassowingtime,method
of sowing,thetimingof theapplicationof fertilizerandirrigation,croprotations,
plantingdensities,interculturalpractices,etc.
The resultsof regressionanalysisdonot indicateanysignificantrelationship
betweenfarmsizeandproductivityamongsamplefarms. The coefficientsof
fertilizerexpenditureandlabourusearehighlysignificant.As thefunctionalforms
usedarelog-linear,thecoefficientsof therespectivevariablesareoutputelasticities
of thefactorinputs. Therespectivecoefficientsindicatethepercentagechangein
wheatoutputperacrein responsetoaone-percentchangein thegiveninputs,other
thingsremain,ingthesame.Thecoefficientof tractor,usedasadummyvariable,was
positiveandstatisticallysignificant.Thisindicatespositivecontributionof tractors
in increasingwheatproductivity.Fromtheresultsit appearsthat,otherthingsbeing
equal,wheatoutputperacrewashigherontractorfarmsthanonbullockfarmsby
about12.5percent.
F =3.5162
(Valuesgiveninparenthesesaret-values.)
The resultsof the regressionanalysisbringout thesignificantinfluenceof
tractorson higherfertilizeruse. Interestinglyenough,the roleof educationin
inducingahigherfertilizeruseturnsouttobesignificantaswell.However,farmsize
doesnot appearto havemuchinfluenceonperacrefertilizeruse. (For reviewof
evidenceontheroleof farmsizeandothersuchfactorsin fertilizeruseinPakistan,
see[10]and[19]). Theoverallfunction,althoughit didnotexplainmuchof the
inter-farmvariationin fertilizeruseis significantnevertheless.It shouldbeclear
fromtheforegoinganalysisthattractorshaveplayedanimportantroleinencourag-
ingawidespreadandrelativelyhighfertilizeruse.
(E) ResultsofProductionFunctionAnalysis
Thehigherwheatproductivityobservedon tractorfarms,apartfromother
factors,maywellhavebeentheresultof thehigherfertilizeruseonthesefarms.
Whatarethecontributionandroleof tractorsin higherproductivity?Theanalysis
presentedso far doesnotprovideananswerto thisquestion,to answerwhichwe
turntoproductionfunctionanalysis.
In orderto furthertesttherelationshipbetweenhigherwheatproductivityand
tractorswehaveestimateda fewlog-linearregressionequations,usingwheatoutput
peracreasthedependentvariable.sExplanatoryvariablesincludedin theequations
arefarmsize,labouruseandfertilizerexpensesor actualuseof fertilizer.These
variablesaredefinedon the basisof per wheatacre,whiletractorappearsasa
dummyvariablein theseequations.Sinceall thesamplefarmsareirrigatedand
tubewellirrigationis equallywidespreadamongthesamplebullock-andtractor-
farms,irrigationhasnot beenincludedasanexplanatoryvariablein theestimated
functions.Moreover,thereis not muchinter-farmvariationin thefrequencyof
SThereasonfor estimatinglog-linearrelationshipis thatit givesbetterfit to thedata. The
useof log-linearrelationshipin agriculturalproductionstudiesis quitefrequentandjustifiedon
economicgrounds[231.
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To seetheimportanceof theuseofphosphatef rtilizerinwheatproductivity,
we split fertilizeruseby nutrientsandtreatnutrientpoundsof nitrogenasan
independentvariable.Theuseof phosphatefertilizerwasincludedasa dummy
variable,becausethereweremanynon-usersof thisfertilizer.Othervariableslike
farmsize,labouruse,etc.,areasdefinedpreviously.Theresultsof thisanalysis
indicatethat,otherthingsbeingequal,wheatproductivityonfarmsusingphosphatic
fertilizerswas11.5percenthigherthanonnon-userfarms.Similarly,thecoefficient
for tractordummywasalsosignificantindicatinghigherper acrewheatoutput
on tractorfarms. Twoimportantfactorsin higherwheatproductivityontractor
farmsappearto be(i) theuseof phosphatefartilizerand(ii) theuseof tractors.It
mayberecalledthattheincidenceof theuseof phosphatef rtilizerhasbeenmuch
higherontractorfarmsthanonbullockfarms.
Asthesamplefarmswerespreadoutin theirrigatedregionsofPakistanthereis
not muchlikelihoodof anysystematicbiasarisingfromlandqualityorclimatein
favourof thetractorfarms.Giventhewell-knowninverserelationshipbetweenfarm
sizeandproductivityundersubsistencefarming,it is interestingto observehigher
productivityontractorfarmsinspiteof thefactthattheaveragefarmsizeincaseof
tractorfarmswasrelativelylarge.Herewedidnotfindanysignificantrelationship
betweenfarmsizeandproductivity.Fromtheresultsonecouldinferthattractors,
by neutralizingthe negativeimpactof largerfarmsizeon productivityin theI
traditionalset-up,havemadeapositivecontributionto farmproductivity.
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(F) TractorizationandAverageVariable
CostPerMaundofWheat
The foregoinganalysishasshownthathigherwheatyieldsandhigheruseof
fertilizernutrientsareassociatedwithtractorfarms.Thisindicatesthatthesubstitu-
tion of tractorfor traditionalsourcesof draftpowerandtheirrolein encouraging
morewidespreadandhigheruseof fertilizerhavebeenhelpfulin increasingfarm
productivity.
To comparethe overallefficiencyof tractor-andbullock-farmsin wheat
productionandalsoto cross-checkourpreviousfindingsof higherproductivityon
tractorfarms,wehaveanalysedtheaveragevariablecostof productionperunitof
wheat. Themethodologyandvariablesusedin thesecalculationsarediscussedin
AppendixB.
The resultsof thecost-of-productionestimates,presentedin Table5, show
thatin spiteof thehigherperacreproductioncostsincurredontractorfarms,the
averagevariablecostof producingonemaundof wheatwasloweronthesefarms.
This wasbecauseof significantlyhigheryieldsobtainingon tractorfarms. On
bullockfarms,theaveragevariablecostofproducingonemaundofwheatwasabout
7.8percenthigherthanontractorfarms.Thelowerunitproductioncostofwheat
alsosupportsourconclusionaboutthepositivecontributionof tractorsin higher
wheatproductivity.
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To seetheimportanceof theuseofphosphatef rtilizerinwheatproductivity,
we split fertilizeruseby nutrientsandtreatnutrientpoundsof nitrogenasan
independentvariable.Theuseof phosphatefertilizerwasincludedasa dummy
variable,becausethereweremanynon-usersof thisfertilizer.Othervariableslike
farmsize,labouruse,etc.,areasdefinedpreviously.Theresultsof thisanalysis
indicatethat,otherthingsbeingequal,wheatproductivityonfarmsusingphosphatic
fertilizerswas11.5percenthigherthanonnon-userfarms.Similarly,thecoefficient
for tractordummywasalsosignificantindicatinghigherper acrewheatoutput
on tractorfarms. Two importantfactorsin higherwheatproductivityontractor
farmsappearto be(i) theuseof phosphatefartilizerand(ii) theuseof tractors.It
mayberecalledthattheincidenceof theuseof phosphatef rtilizerhasbeenmuch
higherontractorfarmsthanonbullockfarms.
Asthesamplefarmswerespreadoutin theirrigatedregionsofPakistanthereis
not muchlikelihoodof anysystematicbiasarisingfromlandqualityor climatein
favourof thetractorfarms.Giventhewell-knowninverserelationshipbetweenfarm
sizeandproductivityundersubsistencefarming,it is interestingto observehigher
productivityontractorfarmsinspiteof thefactthattheaveragefarmsizeincaseof
tractorfarmswasrelativelylarge.Herewedidnot findanysignificantrelationship
betweenfarmsizeandproductivity.Fromtheresultsonecouldinferthattractors,
by neutralizing.the negativeimpactof largerfarmsizeon productivityin theI
traditionalset-up,havemadeapositivecontributionto farmproductivity.
(F) TractorizationandAverageVariable
CostPerMaundofWheat
The foregoinganalysishasshownthathigherwheatyieldsandhigheruseof
fertilizernutrientsareassociatedwithtractorfarms.Thisindicatesthatthesubstitu-
tion of tractorfor traditionalsourcesof draftpowerandtheirrolein encouraging
morewidespreadandhigheruseof fertilizerhavebeenhelpfulin increasingfarm
productivity.
To comparetheoverallefficiencyof tractor-andbullock-farmsin wheat
productionandalsoto cross-checkourpreviousfindingsof higherproductivityon
tractorfarms,wehaveanalysedtheaveragevariablecostof productionperunitof
wheat. Themethodologyandvariablesusedin thesecalculationsarediscussedin
AppendixB.
The resultsof thecost-of-productionestimates,presentedin Table5, show
thatin spiteof thehigherperacreproductioncostsincurredontractorfarms,the
averagevariablecostof producingonemaundof wheatwasloweronthesefarms.
This wasbecauseof significantlyhigheryieldsobtainingon tractorfarms. On
bullockfarms,theaveragevariablecostofproducingonemaundofwheatwasabout
7.8percenthigherthanontractorfarms.Thelowerunitproductioncostofwheat
alsosupportsourconclusionaboutthepositivecontributionof tractorsinhigher
wheatproductivity.
N
V)t--
'<!; C"J
0 co-
- \D
00 -
\D \D
0\ 0\- -
0 0
0\ 0\
t-- t--- -
,-., ,-.,- M t-- V)
M \D N
V) V) t-- -
N - N-r; -
0 - 0 -'-' '-'
,-.,
gg\D t--0\ 00 ...",\D ci- 0\ .,- 0') -0 - '" ....0'-' "'\::U-
o'3,-., ;:JZE-q>::it-- ... ... ......M \D 0 0 0 0N 0\ ""'""'""'"'"-N-C"J -0-0
0 '-'
.,;.,;...-u.D
,-., ,...:. <, '""',-.,
.; .... '"t-- 00 M \D .,M 0 N \D . > ::st-- M V) .,..c:: >, -;0\ 0 0\ - t1>, E ::-q V") q '<!; <.aE ....0 N 0 N .,; .,
.... § ::s ...'-' '-' oj
': '"..c::---"'oj '1=: .,,-., .,;:J... oj. '".,-
... t1\::" > ;St-- t--
I <.,l:! >, \::0\ M 01).- E .,M ., ....0"" ...- ...oj...'" E oj
.n . B. ::s 0-0 ;a., Q .S'-'
\3o] '" '0oj .,
,-., .;o- '0 1::V) 0\ N ,-., :;;:J (g 0t-- 0\ 0\ 0\ ;:J 0-!::j"';:J......c:: .,0 M 0\ 0 .., \:: ... ...N M - 0 VJl:!.,""" 0 '"
q r; q r; E '';::0'1=:0 .... .,u ::s0 0 0 0 .......DE" oj -;jz ...'-' '-' E-< >
.,..c::
II E-<t--
I
II II II II II ---
0 V)
\D 0 -<'1M","", \0
00 M ooo<:
q -
N N
334
V)
u
~
~
'i:j.s
~..,.,~
C) ,
t;~
a~
~ "- ..,
:§ ~
~~
:::;:..!C
~~
!::I::::
~~
~~
~ §
1::1...
... ,SJ
~ ~
~~
'0-'6
~ ~
(.) ~
~~
~'o-
~~
.., s:::a i5
~~
..I::) ~
,~ 6
~-s
~
!2 0
I:: .s V) '"... '" u'" u c: ....
~c:s~~.....
~
~
~
Q
..9
"3
I::Q
'"
'" 0 ~
§ u'" Po <
~::>o
V)
~~
~
'" 0
s:: .s V) '"
t:: '" U'" U c: ....
~c:s~~.....
§'"
~
....
0.....
u'"....
E-o
'"
'" 0 ~
§ u'" p..<I::~::>o
V)
'"
~§'"
~
Abdul Salam
V) r-
I'"-;'<t;
~ 1"')"""
~~~
I"')
00
<r]~
~I"')O
V) ~
I"')
'<:/"0\
(')<'!
,<:/"1"')"""
I"') I"') ~
I"')
~~
0\0\1"')
o'<:/"~
I"')
0\ 0\
~~
1.Or-1.O
I"') 0\ ~
I"')
V)O
'<:/"
V)..j..,f
,<:/"V)~
I"')
""":'
~'-'
a t!
0 0
'.j:I u
'" Ui::-
~~
,D 'J::
0 '",->
0 ";j. .....
0 0
ZE-o
....
U~- '
"'~0,-,
u .....U '"- - U~~.c=
I:: 'J:: ~;::I'" '-'" > 0
::is U '0
'-' 0.0I::
'0 '" ;::I
Q) ~ '"
> ::is>-<
"",,~I"')..j.
00
~
V)
......
V)
oq
1.0
......
V)
~
V)
......
0 '"
"'UV)U
§~at)'" ""..r:=<~O+J
'" 0 ~E U
:ap..<~::>o
V)
I"')
"1
'<:/"......
§<'"
~
R
'<:/"
......
......
V)
..j.......
....
~ '-~'" 0 0
'0 '"~ I:: § '"
;::I '" E
'-"'~:a0::iS~~
~ ~ U ....
~p..~B>< ;::I U
~ 1S I::Q ~
~u I::E-o
'" (1) 0 I::- 0
I:: ~ ~ .....
(1) 'J::
li
'"
~ '" ..c:(1) > .....
~
Tractorization and Mexican WheatProductivity in Pakistan 335
1.0
~
I"')
(G) TractorizationandEmployment
The impact of tractorizationon employmenthasbeenat the heartof the
controversyoverfarmmechanization.It maybeinterestingto know asto whatlight
our studythrowson thisaspectof theproblem.Theoveralluseof labourperacreof
wheatwassomewhathigheron bullock farmsthanon tractor farms.6 Thismaybe
guessedfrom the overallhigherexpensesfor labour use reportedin AppendixC.
However,the role of hiredlabour,bothcasualandpermanent,in farmingappearsto
be greateron tractorfarmsthanon bullock farms. The presentstudydoesnot lend
strongsupportto the propositionthatmechanizationin the ruralsectornecessarily
hasanadverse ffecton employment.
Estimatesof total changesin labour useat the nationallevelin thewakeof
farmmechanization,thoughhighlydesirable,aredifficult to work out in theabsence
of detailedinformationaboutmechanizationand labourusedin the pre- andpost-
mechanizationperiods. The AgriculturalMachineryCensusconductedin 1975[14]
providesinformationonthenumberofhouseholdsreportingadecrease(increase)in
the labour used on their farms. The censusdatado not indicatethe extentof
increaseor decreasein theoverallabouruse. Nevertheless,theproport~onof house-
holdsreportinganincreasein theiruseof labour,mducedby tractor, onall the
farm size categories,was higher than the proportion of householdsreportinga
declinein theirlabouruse.Theconclusionis inaccordwiththatreachedbyAhmed
[I]. Hehasobservedthatin thetubewellareas,allformsof mechanization,i.e.only
tractorsor tractorcombinedwith thresher,bullockswith tractoror bullockswith
thresher,leadto an increasein employmentwhencomparedto traditionalformsof
cultivation. He iuguesthatwithno waterconstraints,mechanicalpower,throughits
effectson croppingpatternandintensity,tendsto createmorejobs thanit displaces.
A studyondisplacedtenants[21] indicatedthat,asa consequenceofmech-
anizationby thelandlords,a greatmajorityof tenantsaftertheirdisplacement,
continuedto remainin thefarmingbusiness.However,thiscontinuationi farming
necessitateddifferenttypesof locational,occupationalndfarm-sizeadjustments,
Thedisplacementledtoareductionin farmsize.Furthermore,reductioninsizewas
moreseverefor owner-cum-tenantsandrelativelylargetenants.Theejectmentalso
forcedmanyatenantomigratefromhispreviousvillagetoanothervillage.
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Duringthe earlySeventies- the periodwhendatafor thisstudywere
collected-, therewaslessthanonetractorfor 1000acresof farmareainPakistan
r15].Also, evensuchfarmersaspossessedtractorsthenprobablydidnotyethave
muchexperiencein tractorcultivation,Underthesecircumstances,thepositive
impactof tractorsonfarmproductivityappearstobenoteworthy.
6It includescasuallyhired,permanenthiredandfamilylabour.
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Thedatausedin thisstudy,collectedbytheAgriculturalDevelopmentBankof
Pakistan(ADBP),belongtolargefarms.Theresultsof thestudy,therefore,maynot
bestrictlyapplicableto smallfarms.TheADBP,by providingloansfor tractors,
tubewells,etc.,haschampionedthecauseof farmmechanizationi Pakistan.As
such,it is plausiblethatthedatacollectedby themmighthavehadsomebiasin
favourof tractorfarms.However,it needstobepointedoutthatneutralobservers,
whocheckedthequalityof thedata,foundit satisfactory.However,thepossibility
ofsomebias,whichistrueforanysurveydata,cannotbealtogetherruledout.
The resultsof thisstudyclearlypoint to thesuperiorityof tractorsover
bullocksasavehicleof agriculturalgrowth.However,undertheprevailingstructure
of farmholdings,thetypesof tractorscurrentlyin usearebeyondthereachof a
greatmajorityof thefarmers.It is estimatedthatabout68 percentof thetotal
farms,in thecountry,commanding34percentof thecultivatedarea,arebelow12.5
acres[20]. However,foreffectiveagriculturaldevelopmentthesefarmsmustalso
benefitfrommoderninputsand technology.Smalltractorswhichhavebeen
effectivelyusedelsewhereonsmallholdingsmayprovidetheanswertotheproblems
of adequatelyincreasingthedraft-powersupplyon smallfarms.However,this
requiresthatsmallfarmershaveeasyaccesstoinstitutionalcredit.
Theuseof tractorsalonemaynotbesufficientfor realizingtheobjectivesof
agriculturaldevelopment,as thereexistssubstantialpotentialfor increasingfarm
productivityevenon thetractorfarms. Thisis reflectedin theyawningapthat
existsbetweenthemaximumyieldsobtainedonsomeof thetractorfarmsandthe
averageyieldsprevailingonthemajorityof thesampletractorfarms.7Thisbiggap
betweentheaverageandmaximumyieldsis,perhaps,duetotheunbalancedfertilizer
use,not basedonanyscientificsoiltests,lackof othercomplementaryinputsand
practices,poortechnicalknow-howaboutimprovedtechnology,etc.Existinginsti-
tutionalandtechnologicalconstraintshamperingagriculturaldevelopmentmustbe
examinedandanalysedthroughappropriatemicrostudiesandmeasuresadoptedto
bridgethisgap.
Themodernfactorinputsarehighlyenergy-intensive,whosepricesin recent
yearshaveshowna markedupwardtrend. Thistrendis likelyto persistin the
future. At thesametime,theuseof suchinputsis criticalin agriculturaldevelop-
mentandis likelyto becomevenmorecriticalin thefuture.Thiswill resultin
increasedproductioncosts,whichmustbecounter-actedbyincreasingtheefficiency
of theiruse. Theincreaseduseof moderninputswill taxmanagementcapacity
andcapabilityof thefarmers,andnecessitatesanimprovementi farmers'technical
knowledgeaboutfarmingmethodsand moderninputs. This will haveto be
supportedby astrengtheningofagriculturalresearchinstitutions,marketintelligence
and extensionserviceso that they can effectivelyrespondto the emerging
situations.
N. CONCLUSIONS
Usingdatafroma fieldsurvey,we haveanalysedproductivitybehaviour,
adoptionof fertilizertechnologyandintensityof itsuse,andaveragevariablecost
perunitof outputin thecultivationof Mexicanwheatundertwobroadtechnologi-
calset-ups,viz.tractorfarmingandbullockfarming.Theresultsof theanalysis,dis-
cussedatlengthin thepreviousections,haveindicatedthatasageneralrulehigher
productivityobtainsontractorfarmsthanonbullockfarms.A partof thegainsin
productivitymaybe attributedto a morebalancedandhigheruseof fertilizers
inducedby tractorization.Theimpactof farmsizeandtubewellirrigationonwheat
productivityand fertilizeruse amongthe samplefarmswas also analysed.
interestinglyenough,theinfluenceof thesefactors,eitheron fertilizeruseor on
productivity,turnedouttobeinsignificant.Thepresentstudyalsopointedto the
employment-generatingpotentialof tractorization:the useof hiredlabouron
sampletractorfarmstendedtoberelativelyhigher.
Productionfunction analysisalso supportedthe fmdingsthat wheat
productivitytendsto behigherontractorfarms.Otherthingsremainingthesame,
wheatproductivityontractorfarms,dueto tractorization,wasabout12.5percent
higherthanon bullockfarms. Also, farmsusingphosphatefertilizershowed
significantlyhigherwheatyield.
The overallefficiencyin wheatproduction,reflectedin lowerunitcostof
wheatoutput,alsoappearsto begreaterqn tractorfarmsthanonbullockfarms.
Fromtheseresultsit seemsthattractorizationhasfacilitatedagriculturaldevelop-
ment by increasingfarmproductivity,partlythroughaninducedincreasein theuse
of fertilizersontractorfarms.
Numerouschangesin theruralsectorhavetakenplacesincetheundertakingof
thissurveyin 1974.Theconstructionboomin theMiddleEasthasencouragedlarge-
scaleoutmigrationof bothskilledandunskilledlabourfromPakistan.Tenurial
arrangementsandlabourmarketsin theruralareashavewitnessedprofoundchanges.
Thepricesof almostall thefarminputsandoutputshavesubstantiallyincreased.
Theuseof tractorsisnomoreconfinedtoownerfarms.Besidestractorization,other
formsof mechanization,especiallytheuseof threshers,arealsoincreasingrapidly.
Farmerswhodonotownthesemachinesarerentingtheirservicesfromthosewho
havethem. All thesechangescallfor undertakinga comprehensivefi ldsurvey,
whichshouldincludeall farmsizesandtenurialgroups,to throwlightontheeffects
of thesechangesin theruraleconomyandverifytheresultsof thisstudy.
7Themaximumyieldobtainedon tractorfarmswas45 maundsof wheatwhiletheaverage
yieldwasonly 24.4maunds.
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Appendix A tractorfarmsand34bullockfarmsassomeof thefarmershadnotgrownMexican
wheatanda fewquestionnairescouldnotbetraced.Thebreak.downof thesefarms
accordingto theareaoperatedisgivenbelow:DATA ANDSAMPLINGPROCEDURE
The datafor thisstudypertainto theproductionyear1972-73andwere
collectedthrougha fieldsurveywhichwasdesignedto evaluatetheimpactof the
World Bank'sprogrammefor agriculturalcreditin Pakistan. The programme
administeredby the AgriculturalDevelopmentBank of Pakistan(ADBP) was
primarilyconcernedwith loansfor mechanizationa dtubewellinstallation.The
surveywasorganizedbytheAgriculturalDevelopmentBankofPakistaninFebruary,
MarchandApril of 1974.Staffmembersof theADBP,havinggraduatetrainingin
agriculture,interviewedthesamplefarmers,whowereselectedthroughthefollowing
procedure:1
(1) Seventyfarmerswererandomlyselectedfromthosewhowereinterviewed
in the 1970ADBP surveyof tractorloanees.2Thisgroupof farmwas
referredtoasthe"resurveyfarms".
(2) Ninety farmerswere randomlyselectedfrom thosewho receivedan
ADBPtractorloanin 1969andwerereferredtoasthe"newloanees".
(3) Fortyfarmerswhodidnotownatractorandwerenotloaneesof theADBP
constitutedthecontrolgroup.Tobeeffective,thecontrolgrouphadtobe
comparablewiththesampleof tractorfarmersin termsofaveragefarmsize.
As no listingof the populationof bullockfarmerswasavailable,the
interviewerswereadvisedto selectbullock farmersin the following
manner:
An overwhelmingmajorityof farmsoperatingmorethan50acresfellin the
rangeof 50to 150acres.
The surveywasdesignedto evaluatetheeffectivenessof theWorldBank's
agriculturaldevelopmentloans in Pakistanprovidedthroughthe Agricultural
DevelopmentBankof Pakistan(ADBP). Duringtheinitialstagesof theADBP's
loaning,theprincipalbeneficiariesof theprogrammewererelativelylargefarmers.
Therefore,therespondentsof thesurveywerenaturallylargefarmers.Thecontrol
group,Le.bullockfarmers,in ordertobecomparablewiththetractorfarmers,thus,
hadalsoto be fromthe largefarmers.Hencetheresultsof thestudy,strictly
speaking,maynotholdforsmallfarms.
Thesurveyconductedby thestaffof theADBP,theagencyconcernedwith
providingloansfor tractorsetc.,mighthavehadsomebiasin favour of tractor
farms.However,seniorofficersof theADBP supervisedthesurveyandalsoprovided
trainingto theinterviewersin conductingfarm-managementsurveys,emphasizing
theimportanceof neutralobservations.Outsideobserversengagedtocheckquality
of thedatadidnot fmdanysystematicbiasin thesurveydata.Nevertheless,the
possibilityofsomebiascannotberuledout.Butthisistrueforanysurvey.
"(a)Whenyouhavevisitedthefirsttwoofyournewloaneefarms,attemptto
find abullockfarmsequivalentin sizeto thelargestof thetwofarmsjust
visited.(b)Whenyouhavevisitedanothertwonewloaneesfarmsattempt
to find a bullockfarmequivalentin sizeto thesmallestof thetwofarms
justvisited. (c) Continuedin thiswayalternativelylookingforbullock
farmsequivalentto thelargest,thento thesmallest,of eachpairof new
loaneefarmsvisited"[8].
Theinterviewerswereadvisedthatwhilelookingforbullockfarmstheyenquire
fromtheownersof tractorfarmsorfromothervillagersabouthe'desired'sizeofa
bullockfarmin theabsenceofatractor.
The surveyyielded196completedquestionnaires,of which160werefor
tractorfarmsand36 forbullockfarms.However,thepresentstudyisbasedon145
1This drawsheavilyon McInernyandAfzal Hussain'sNoteson theSurveyScheduleand
itsCompletion[8] .
2Duringthe 1970survey220tractorfarmerswererandomlyselectedout of thosefarmers
whoweregrantedloansby theADBP in 1967.
TractorFarms BullockFarms
Number Per- Number Per-
centage centage
Farmsupto50acres 36 25 12 35
Farmsgreaterthan50acres 109 75 22 65
Total 145 100 34 100
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Appendix B
Theopportunitycostof familylabourperacrewasworkedoutbyusingthe
wagerateapplicableforpennanenthiredlabour.Weworkedouttwoestimatesof
this(i) by usingtheoverallsamplewagerateforpennanenthiredlabour,and(ii)by
usingthecategory-specificwagerate.Thewageratepaidto casuallyhiredlabour
wasnotusedtoworkouttheopportunitycostof familylabour.It maybepointed
thatmostof thecasuallabourhiredforwheatiseitheratthesowingtimeoratthe
harvestimeandduringtheseperiodslabourdemandisatitspeakandwageratesare
accordinglyhigher.
Thewageratesof pennanenthiredlabourusedto imputethecostof family
labourappearquiterealistic.Theoverallsamplewageratefor pennanenthired
workerswasRs. 3.68perdaywhiletheaveragewageratefor tractorfannswas
Rs.3.87for alltractorfanns,Rs.3.24for fannsupto 50acresand4.08forfanns
greaterthan50acres.Thewageratesforbullockfarmsworkedouttobe Rs.2.84,
2.91and2.79for allbullockfarms,fannsup to 50acresandfarmsgreaterthan50
acres,respectively. Thesecalculationsassumethat alternative mployment
opportunitiesfor familylabourwereavailable.However,if it werenot true,the
opportunitycostof familylabouris overstatedandourcostof productionestimate
wouldbe overstatedaccordingly.However,as therewerereallyno substantial
differencesin theperacreuseof familylabour,theviolationof thisassumption
shouldnotsignificantlyaffecttheoverallpicture.Thecostsforbullocklabourand
tractoruse wereartivedat by multiplyingtheir per acreavailabilityby the
maintenanceostof bullocksandtherateatwhichtractorwashiredoutforcustom
work. TheserateswereRs. 6 for a bullockpairperdayandRs. 14pertractor
hour, respectively.Theseestimatesfor theproductionyear1972-73weretaken
from the farmmanagementrecordsof the AgriculturalDevelopmentBankof
Pakistan.
Theresultsof thisexercisearepresentedin AppendixC.
METHODOLOGYFORESTIMATINGVARIABLE COSTS
Thecostof productionestimates,asdiscussedinthetext,includexpenditure
onchemicalfertilizers,seed,canalwater,landrevenue,theactualwagespaidtothe
casuallyhiredlabourfor wheat,theopportunitycostof familyandpermanenthired
labourandbullocklabouravailablepercropacre.In thecaseof tractorfarms,the
opportunitycostof tractortimeusedpercropacrewasalsoaddedto thecostof
production.Theseestimates,however,do notincludelandrentforwantof data.
Theinclusionoflandrent,whichislargelyinfluencedbythelocationof farmsrather
thanby theintrinsicfertilityof theland,wouldnothavealteredthecomparative
pictureunlessthe tractorfannswereconcentratedaroundurbancentresand
commandedsubstantiallyhigherentals.Thesamplefarmswerewidelyspreadoutin
theirrigatedareasofPakistanandfollowedamixedcroppingpattem;wheat,cotton,
rice,sugarcane,maizeandfodderweretheprincipalcropscommandingaround90%
of the croparea. Depreciationallowancefor fixedfarmassetsandintereston
workingcapitalhavenot beenincludedin thecostestimates,either.As ourmain
interestin workingouttheseestimateswastocross-checkourpreviousfindings,we
believethat the inclusionof thesedatawould not havealteredthe overall
comparativepicture.
Dataon the actualuse/expenditureon chemicalfertilizers,useof casually
hiredlabourandexpenditurethereof,andseedratefor wheatcropweredirectly
availablefromthe fieldsurveyandposedno problem.Canalwaterchargesfor
variouscropsandlandrevenuearefixedby thegovernmentandweretakenfrom
Ahmed'study[2]. However,wehadto workouttheuseof familyandperma-
nenthiredlabour,tractorhoursusedandtheestimateof theircostindirectlyfrom
thefann-Ievelinfonnation.A fewpointsonthisestimationareinorder.
Farmingin Pakistanis a multi-cropenterpriseandfannerseldommaintain
recordsabouttheactualuseof farmlabourandfarmmachineryfor specific rops,
To overcomethisproblem,followingAhmed[2], wehaveassumed288working
daysformanuallabour.Bymultiplyingthetotalfarmworkers(familyworkersand
pennanenthiredworkers)by 288anddividingthe figurethusobtainedby the
actualcroparea,weestimatedtheaveragenumberof man-daysusedpercropacre.
Themaintenanceostofbullocklabourpercropacrewasderived,bymultiplyingthe
numberof bullocksavailableperacreby theirmaintenanceost. As thebullocks
haveto bemaintainedthroughouttheyear,wehaveworkedouttheiropportunity
cost,assumingtheiravailabilityonallthe365daysof theyear.
Wegleanedtheavailabilityof tractortimepercropacrefromtheactualuse
of tractortimeonthefannbydividingthetotaltractorhoursusedonownfannby
thecroppedarea.Luckily,dataontheseitemswereavailable.
*ThesefiguresaretakenfromAhmed'sstudy[2].**
Gross income per acre=yield X averagesaleprice per maund of wheat. The averagesale price for the entire samplewas Rs. 20.67 permaund.
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TotalVariableCostPerAcreof Wheat,VariableCostPerMaundof Wheat,
GrossIncomeandNetIncomePerAcreof WheatonTractorand
Bullock-Fanns:1972-73
TractorFanus BullockFanus
All Farms Farms All Fanus Farms
Farms Upto GreaterFanus Upto Greater
50 than50 50 thanSO
Acres Acres Acres Acres
::0..
1. FertilizerCosts(Rs.) 62.1 75.3 57.7 47.3 48.8 46.5
<:>-
2. SeedCosts(Rs.) 21.6 21.4 21.7. 20.1 19.5 20.5* ;s-3. CanalWaterRates(Rs.) 10.4 10.4 10.4 10.4 10.4 10.4 ::!*
4. LandRevenue(Rs.) 12.5 12.5 12.5 12.5 12.5 12.5
5. CasualLabourWages(Rs.) 45.5 69.4 49.4 42.7 45.2 41.3
6. OpportunityCostPerCropAcreofFamilyand
PenuanentHiredLabour(Rs.)
(i)UsingOverallSampleWageRate 73.82 104.18 63.38 92.04 109.77 84.12
(ii)UsingSpecificWageRate 77.63 91.84 70.38 71.03 86.81 63.78
7. MaintenanceCostof BullockLabour(Rs.) 33.82 25.85 36.52 129.31 130.30 128.77
8. OpportunityCostofTractorUsePerCropAcre(Rs.) 90.6 91.00 90.44
9. TotalVariableCost(Rs.PerWheatAcre)
(i)UsingOverallSampleWageRate 350.34 . 410.03 342.04 354.35 376.47 344.00
(ii)UsingSpecificWageRate 354.15 397.69 349.04 333.34 353.51 323.75
Continued-
AppendixC - (Contd.)
10. YieldPerAcre(Maunds) 24.40 26.99 23.85 21.30 20.98 21.47
11. VariableCostPerWheatMaund(9-710)(Rs.)
(i)UsingOverallSampleWageRate 14.36 15.19 14.34 16.63 17.84 16.03
(ii)UsingSpecificWageRate 14.50 14.73 14.63 15.65 16.85 15.08**12. GrossIncomePerWheatAcre(Rs.) 504.35 557.88 492.98 440.27 433.66 443.79
13. NetIncomePerWheatAcre(Rs.) (12-79)
(i)UsingOverallSampleWageRate 154:01 147.85 150.94 85.92 57.19 99.7
(ii)UsingSpecificWageRate 150.2 160.19 143.94 106.93 80.15 120.04
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